A Gram-negative, motile, rod-shaped bacterial strain, HP15 T , was isolated from aggregates taken from surface waters of the German Wadden Sea (German Bight). Of 82 marine isolates, HP15 T was chosen for further study because of its high potential to induce production of transparent exopolymeric particles and aggregate formation while interacting with the diatom Thalassiosira weissflogii. HP15
, was isolated from aggregates taken from surface waters of the German Wadden Sea (German Bight). Of 82 marine isolates, HP15 T was chosen for further study because of its high potential to induce production of transparent exopolymeric particles and aggregate formation while interacting with the diatom Thalassiosira weissflogii. HP15
T grew optimally at 34-38 6C and pH 7.0-8.5, and was able to tolerate salt concentrations of 0.5-20 % (w/v) NaCl. HP15 T was characterized chemotaxonomically by possessing ubiquinone-9 as the major respiratory lipoquinone, as well as C 16 : 0 , C 18 : 1 v9c and C 16 : 1 v7c/iso-C 15 : 0 2-OH as the predominant fatty acids. The DNA G+C content of strain HP15 T was 56.9 mol%. The closest relative based on 16S rRNA gene sequence analysis was the type strain of Marinobacter flavimaris, with 99 % similarity. Whole-genome relatedness values of HP15 T to the type strains of M. flavimaris, Marinobacter salsuginis, Marinobacter lipolyticus and Marinobacter algicola were less than 70 %, as determined by DNA-DNA hybridization. On the basis of phenotypic and chemotaxonomic properties as well as phylogenetic analyses, the isolate represents a novel species, Marinobacter adhaerens sp. nov.; the type strain is HP15 T (5DSM 23420 T 5CIP 110141 T ).
The genus Marinobacter was established with the description of Marinobacter hydrocarbonoclasticus in 1992 (Gauthier et al., 1992) . At the time of writing, a further 26 species had been described. These species are tolerant to various conditions as they were isolated from diverse locations, i.e. from sediment (Gorshkova et al., 2003) , the water column (Yoon et al., 2004) , coastal (Roh et al., 2008) and deep-sea waters (Takai et al., 2005) , the Antarctic (Montes et al., 2008) and the Red Sea (Antunes et al., 2007) . Furthermore, representatives of this genus have been isolated from oil-contaminated areas (Huu et al., 1999) , hot springs (Shieh et al., 2003) and saline environments (Martín et al., 2003) . Two species were identified based on their interactions with other organisms: Marinobacter algicola, isolated from dinoflagellate cultures (Green et al., 2006) ; and Marinobacter bryozoorum, derived from a Bryozoa specimen (Romanenko et al., 2005) .
The aggregation of phytoplankton cells is an important process in marine ecosystems leading to the sinking of particulate organic matter in the form of marine snow. It has been suggested that heterotrophic bacteria increase aggregation of microalgae and other particles (Decho, 1990) . To study the interaction of diatoms with bacteria and their role in aggregate formation, a bilateral model system was established (Gärdes et al., 2011) . Of 82 bacterial isolates from aggregates (0.1-1.0 mm in diameter) sampled in surface waters of the German Wadden Sea (German Bight) (Grossart et al., 2004) , strain HP15 T was shown to induce highest transparent exopolymeric particle production and aggregate formation during its interaction with the diatom Thalassiosira weissflogii. Thus, strain HP15
T was a suitable model organism to study bacteria-microalgae interactions and their consequences for the organic matter sinking flux in the sea. The aim of the present study was to determine the taxonomic position of this species by analysing its phenotypic and genotypic properties.
For phenotypic examination, HP15
T was grown aerobically on marine broth (MB) agar plates (5 g peptone, 1 g yeast extract, 0.1 g FePO 4 , 6 g agar in 750 ml North Sea water and 250 ml distilled water, pH adjusted to 7.4) at 28 u C for 48 h. The Gram stain reaction, cell morphology and motility were examined by light microscopy and transmission electron microscopy (EM 900; Zeiss). Enzyme activities and carbon utilization were analysed in triplicate by using the API 20NE system (bioMérieux) and the Biolog GN2 system in artificial seawater medium without a carbon source using established procedures (Martinez & Butler, 2007) and as recommended by the manufacturer. Growth conditions were determined in MB at 37 u C and 250 r.p.m. For salinity tests, seawater was replaced by distilled water containing various NaCl concentrations [0-35 % (w/v)]. For pH tests, pH was adjusted to between 4 and 11 by using NaOH or HCl. Growth at various temperatures (4-60 u C) was performed in MB (Difco 279110) by the DSMZ. The optimal growth temperature was defined by testing bacterial growth at 28, 30, 32, 34, 36, 38, 40 and 42 u C. Cellular fatty acid composition and quinone analysis were carried out by the DSMZ. Cells were grown on MB (Difco 2216) at 28 u C for 24 h. Fatty acid methyl esters were obtained from 40 mg cells scraped from Petri dishes by saponification, methylation and extraction using minor modifications of the methods of Miller (1982) and Kuykendall et al. (1988) , separated and analysed using the Sherlock Microbial Identification System (MIS) (version 4.5; MIDI, Microbial ID, Newark, DE, USA) as described previously (Kämpfer & Kroppenstedt, 1996) . For quinone analysis, cells were grown in MB at 28 u C and 250 r.p.m. to an OD (at 600 nm) of 0.3 and harvested. Extraction, separation and analysis of lipoquinones were conducted as described by Tindall (1990a, b Huß et al. (1983) in 26 SSC with 5 % formamide at 68 u C.
For phylogenetic analysis, the complete 16S rRNA gene of HP15 T (1531 bp) was obtained from the genome sequence (GenBank accession no. CP001978) (Gärdes et al., 2010) . Analysis was performed using the ARB software package (Ludwig et al., 2004) and reference alignment was provided by the Living Tree Project database (Yarza et al., 2008) . The phylogenetic tree was based on 16S rRNA gene sequences of HP15
T and all type strains of the genus Marinobacter, with sequences of Halospina denitrificans HGD 1-3 T and Salicola marasensis 7Sm5 T used as the outgroup. The DNA G+C content of the HP15 T genome was calculated using the complete genomic sequence (GenBank accession nos CP001978 CP001979, and CP001980).
Cells of strain HP15
T were rod-shaped and motile by one polar flagellum ( Supplementary Fig. S1 , available in IJSEM Online). HP15
T grew between 4 and 45 u C, at pH 5.5-10.0 and in 0.5-20 % (w/v) NaCl. Using the API 20NE system, strain HP15
T was negative for nitrate reduction, indole production, arginine dihydrolase, urease, b-glucosidase, gelatinase, b-galactosidase, and the utilization of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, D-gluconate, capric acid, adipic acid and citric acid (Table 1). HP15 T utilized malate and phenylacetate. Biolog GN2 tests revealed that strain HP15
T was positive for the utilization of dextrin, Tweens 40 and 80, pyruvic acid methyl ester, succinic acid monomethyl ester, cisaconitic acid, b-hydroxybutyric acid, c-hydroxybutyric acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic T , as well as the lack of gelatinase and urease activities in M. salsuginis SD-14B T and M. algicola DG893 T , respectively, did not match results obtained by others (Martín et al., 2003; Antunes et al., 2007; Green et al., 2006) . These discrepancies might be due to minor variations in cultivation conditions such as inoculum density, incubation temperature or time of incubation.
The fatty acid profile of HP15 T comprised C 16 : 0 (21.7 %), C 18 : 1 v9c (21.6 %), C 16 : 1 v7c/iso-C 15 : 0 2-OH (14.6 %), C 16 : 1 v9c (9.0 %), C 12 : 0 3-OH (7.9 %) and C 12 : 0 (6.0 %). Thus, it is similar to that of other Marinobacter type strains in terms of the most common fatty acids observed in members of the genus (Supplementary Table S1 , available in IJSEM Online) although most of the previously published data were obtained from strains grown under an array of diverse cultivation conditions (growth temperatures ranging from 15 to 37 uC; incubation times ranging from 1 to 4 days prior to analysis). The predominant ubiquinone was ubiquinone-9, which is consistent with that of other Marinobacter species except Marinobacter lutaeoensis, which contained ubiquinone-8 (Shieh et al., 2003) .
Based on its 16S rRNA gene sequence, strain HP15
T could be affiliated to the genus Marinobacter of the Gammaproteobacteria. It is most closely related to the type strains of M. flavimaris (99 % 16S rRNA gene sequence similarity), M. salsuginis (98 %), M. lipolyticus (98 %) and M. algicola (98 %) (Antunes et al., 2007; Green et al., 2006; Martín et al., 2003; Yoon et al., 2004) . With the exception of M. lipolyticus, the type strains of these species form a discrete cluster, as evident in the phylogenetic tree (Fig. 1) .
The DNA G+C content of strain HP15 T is 56.9 mol% (Table 1 ) and, thus, is similar to those of other Marinobacter species. DNA-DNA hybridization tests carried out in duplicate showed similarities of the genomic DNA of HP15
T with the type strains of M. flavimaris, M. salsuginis, M. lipolyticus and M. algicola of 63.6/68.7 %, 40.0/38.0 %, 28.9/26.0 % and 28.2/24.5 %, respectively. These similarities are below the generally accepted species differentiation limit of 70 % (Wayne et al., 1987) . Their order of relatedness was the same as that observed in the 16S rRNA gene sequence analysis. DNA-DNA hybridization results showed that the type strain of M. flavimaris seemed to be closely related to strain HP15 T . However, the two strains differed significantly in the following distinct characteristics: (i) utilization of glycerol, D-fructose, DLlactic acid, D-gluconate, L-alanine, phenylacetate and L-glutamate; (ii) the ability to reduce nitrate to nitrite (Table 1) ; and (iii) colony pigmentation (HP15 T exhibited brownish pigmentation on MB agar, whereas colonies of M. flavimaris were cream-coloured).
Based on the specific phenotypic and phylogenetic characteristics determined in this study and genomic differences with other Marinobacter type strains, strain HP15
T represents a novel species in the genus Marinobacter for which the name Marinobacter adhaerens sp. nov. is proposed.
Description of Marinobacter adhaerens sp. nov.
Marinobacter adhaerens (a.dha9e.rens. L. part. adj. adhaerens hanging on, sticking to, referring to the unique and characteristic attachment properties of the bacterium in the presence of marine particle surfaces).
Cells are motile by means of a single polar flagellum. Gram-stain-negative and non-spore-forming rods (0.6-0.861.7-2.4 mm). Colonies on MB agar are brownish, translucent and have a circular shape (1-2 mm in diameter) with smooth edges after 2 days of incubation at 28 u C. Colour intensity increases with time of incubation. HP15
T grows between 4 and 45 u C and at pH 5.5-10.0, with optimum growth at 34-38 u C and pH 7.0-9.0. No growth is observed at pH¡5.0 or ¢10.5. Optimal NaCl concentrations for growth are 2-6 % (w/v). Tolerates 0.5 and 20 % NaCl, but not 0 or 25 % NaCl. Negative for nitrate reduction, indole production, arginine dihydrolase, (Yoon et al., 2004) , M. salsuginis (Antunes et al., 2007) , M. algicola DG893 T (Green et al., 2006) and M. lipolyticus DSM 15157 T (Martín et al., 2003) ; data for growth temperature, G+C content, and utilization of glycerol, D-fructose, DL-lactic acid, L-alanine, L-phenylalanine and L-glutamate for M. aquaeolei DSM 11845 T (Huu et al., 1999) ; and all data for M. hydrocarbonoclasticus (Gauthier et al., 1992 The type strain is HP15 T (5DSM 23420 T 5CIP 110141 T ), isolated from marine aggregates (0.1-1.0 mm) of surface waters of the German Wadden Sea (German Bight). The DNA G+C content of the type strain is 56.9 mol%. T and all type strains of the genus Marinobacter; Halospina denitrificans HGD 1-3 T (DQ072719) and Salicola marasensis 7Sm5 T (DQ019934) were used as outgroups. The tree was inferred from 1531 alignment positions using the RAxML algorithm (Stamatakis, 2006) . Support values (%) from 1000 bootstrap replicates are displayed above branches; only values .50 % are shown. Bar, 0.01 nt substitutions per site.
